Reoperative Aortic Valve Replacement After Previous Coronary Artery Bypass Grafting or Aortic Valve Replacement  by Lee, Anson M. & Moon, Marc R.
482 1522-2942/$-se
http://dx.doi.or
Department of Surgery
Louis, Saint Louis,
Address reprint reques
Surgery, Departme
Medicine in Saint
Louis, MO 63110.Reoperative Aortic Valve Replacement After Previous
Coronary Artery Bypass Grafting or Aortic Valve
Replacement
Anson M. Lee, MD, and Marc R. Moon, MDRedo surgery after prior coronary artery bypass grafting (CABG) is becoming more common.
Often, a degenerative, stenotic aortic valve is the primary indication for such an operation.
Additionally, a failing mechanical or bioprosthetic valve also necessitates re-operation. These
operations present some unique challenges, including safe sternal re-entry, preservation of
patent grafts, identiﬁcation and control of internal mammary artery grafts, and careful planning of
the aortotomy. In this report, we describe our technique for conducting this operation safely.
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Aortic valve replacement (AVR) after previous coronary arterybypass grafting or AVR or both is a common scenario
encountered by cardiothoracic surgeons. In addition to the
typical challenges of redo sternotomy, special attention must be
paid to the bypass grafts, especially internal mammary grafts as
they are not controlled by aortic cross-clamping and serve to
decrease long-term mortality. Fortunately, with modern imaging
techniques, it is possible to minimize the risk of injury and
subsequent complications before entering the operating room.
Preoperative Imaging
The ﬁrst step to planning a reoperation on a patient with prior
bypass grafts is to delineate anatomy. A left-side heart catheter-
ization is mandatory for several reasons. First, the patency of any
existing bypass grafts must be determined. At the same time, areas
of myocardium that might be ischemic and in need of new bypass
grafts must be delineated. In addition to determining patency, the
angiogram can provide clues to the anatomical relationship of
bypass grafts. A mobile bypass graft, especially a left internal
mammary artery (LIMA) graft, that moves with the contracting
heart is less likely to be adhered to the back of the sternum than
an immobile one that does not change position on the angiogram.
A computed tomography (CT) scan of the chest with
intravenous contrast is also necessary. The position of bypass
grafts in relation to the sternum and the great vessels should be
noted. Also, the proximity of the innominate vein, the greate front matter r 2014 Elsevier Inc. All rights reserved.
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sternum. If any of these structures is too close to the sternum
and would be injured on sternotomy, femoral or axillary
cannulation for cardiopulmonary bypass may be required to
decompress these structures before sternal incision. At the same
time, the aorta should be examined for aneurysmal dilatation,
calciﬁcation, and atherosclerotic burden. When contrast cannot
be used because of renal insufﬁciency, a noncontrast scan can be
obtained. Although this is not ideal, prior surgical clips on
mammary pedicles and calciﬁcation of vein grafts can help to
identify the course of these vascular structures.
Intraoperative Considerations
After delineating coronary anatomy and graft patency, the next
major assessment is cannulation strategy for cardiopulmonary
bypass. Central cannulation is preferred if sternal re-entry is
deemed low risk on preoperative imaging. The aorta should not
be calciﬁed in the area of proposed cannulation. The right atrium
should be accessible with minimal manipulation of right-sided
saphenous vein grafts, especially if they are atherosclerotic and
course over the body of the right atrium. Femoral cannulation via
cut-down can be used if central cannulation is not safe. We avoid
retrograde aortic ﬂow in patients with heavy atherosclerotic
burden as determined by preoperative CT. In cases where the
ascending aorta is aneurysmal and needs replacement, or there is
insufﬁcient space for both cross-clamping and cannulation owing
to high-riding proximal anastomoses or calciﬁcation, it is our
preference to cannulate the innominate artery with a chimney
graft instead of axillary cannulation. We believe this exposure is
easier. It requires only minimal extension of the sternotomy
incision, limits total incisions to one, and, as the innominate artery
is hardier than the axillary artery, allows easier mobilization in
preparation for cannulation. This method is illustrated in the
ﬁgures (Figs. 1-15).
Midline hockey stick incision
Wires from previous
sternotomy closure
Figure 1 A midline incision is used for the operation incorporating the prior sternotomy scar. The incision is extended inferiorly, below the
xiphoid to allow for dissection of the underlying heart and pericardium off the posterior aspect of the sternum. If innominate artery
cannulation is planned, either for a planned concomitant aortic replacement, or in the case where retrograde ﬂow through a femoral artery is
contraindicated, such as in a heavily diseased aorta with thrombus, the incision is extended from the top of the sternal notch to the right for
3-4 cm in hockey-stick fashion, to allow for exposure of the innominate artery above the innominate vein.
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Removal of wires from
previous sternotomy
A
Figure 2 (A) Dissection is carried down to the sternum for the length of the incision, and the sternal wires are exposed and removed. At the
inferior aspect of the incision, the abdominal fascia overlying the xiphoid process is incised in the midline. A self-retaining retractor is placed
at the bottom of the incision to hold the fascia apart.
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Division of subcostal
adhesions to pericardium
B
Figure 2 Continued (B) The soft tissue overlying the inferior aspect of the right ventricle and pericardium is dissected off the posterior aspect of
the abdominal fascia. A space is freed in this plane below each of the inferior-most ribs of the costal margin on both sides of the chest. With
the aid of rake retractors placed into this space, the costal margin on each side of midline is lifted anteriorly, and the right ventricle is dissected
off the posterior table of the sternum to the limits of visualization superiorly.
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Midline sternotomy begun with
sternum & costal margin raised 
from anterior mediastinum
Xyphoid
process
Pericardium
Figure 3 With continued anterior traction on both sides of the costal margin provided by a rake retractor in one of the surgeon’s and one of the
assistant’s hands, an oscillating saw is used to divide the sternum in the midline. First the anterior table is split for the length of the sternum.
The posterior table is then split, from inferior to superior, with controlled tension on the costal margins provided by the rake retractors. Care
is taken to provide enough upward and slight outward force to provide visualization of the line of division, but also to avoid tearing the
underlying right ventricle with excessive force if it is densely adhered to the posterior table. We prefer to use the Hall MicroChoice Sagittal saw
with a fan-blade as it can be used 1-handed and is light enough to allow for tactile feedback when cutting completely through the cortical
bone of the posterior table; however, a standard oscillating saw can be used.
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Division of adhesions between sternum 
& pericardium over right ventricle
Right atrium
Figure 4 Once the sternum has been split along its entire length, dissection of the heart off the posterior table of the sternum is performed.
Typically, the left side of the sternum is done ﬁrst. The assistant provides anterior traction, initially with a rake on the costal margin as before.
Downward countertension is provided with a plastic Yankauer sucker tip, and electrocautery is used to divide adhesions and scar tissue,
staying close to the posterior table to avoid lacerating the underlying heart. As more of the sternum is freed, a second rake can be placed on
the hemisternum to provide further anterior traction. Again, care is taken to provide necessary tension without excessive force so as not to tear
the underlying ventricle. Although atypical, a left internal mammary artery graft can be occasionally found adherent to the posterior table near
the top of the sternum on the left, and care must be taken to avoid injury to this graft as the dissection is carried superiorly. Preoperative CT
scan with contrast can identify at-risk anatomy. Dissection of the right hemisternum is performed in a similar fashion after the left side is
complete.
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Dissecting plane
of pericardium
Old CABG
Figure 5 Once enough of the sternum is dissected free, a sternal retractor is placed to provide visualization of the mediastinum. We prefer a
Cooley retractor as it provides excellent retraction and is low proﬁle. Dissection of the heart is typically started at the inferior aspect of the
mediastinum, along the diaphragmatic surface of the pericardium, as the adhesions here are typically easily split. Once the correct plane is
identiﬁed, dissection is carried toward the right, to expose the pericardium along the lateral border of the right atrium. Care must be taken to
avoid injuring right-sided bypass grafts as they are commonly encountered near the atrioventricular groove as they pass over the atrium and
head toward the posterior circulation. CABG ¼ coronary artery bypass grafting.
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LIMA graft
Grafts originating
in ascending aorta
Figure 6 As the dissection proceeds laterally, the edge of pericardium, if it was not closed in the previous operation, is identiﬁed. A tonsil
clamp can be used initially to grasp the pericardial edge to provide tension. Once a reasonable area is freed, a pericardial stay suture can be
placed between this edge and the edge of the skin incision.
Sharp dissection with the electrocautery is used initially on the ventricle-diaphragm interface to avoid denuding the epicardium off the
ventricle. As dissection reaches the atrium, more blunt dissection is possible. Often, it is possible to work a ﬁnger along the lateral surface of
the atrium, below the pericardial edge, which is often densely adhered to the anterior aspect of the atrium, especially at sites of previous
pledgets. If necessary to avoid unintentional atriotomies, the pericardium overlying the surgeon’s ﬁnger can be divided with electrocautery,
leaving part of the pericardium on the atrium.
After the superior aspect of the atrium or atrial appendage is freed, the dissection is carried over the aorta and toward the left side of the
mediastinum. Care must be taken to avoid injuring the coronary bypass graft buttons on the ascending aorta and left-sided grafts as they pass
over the pulmonary artery. It is useful to free up the innominate vein as well to expose additional aorta. This can be accomplished by grasping
the inferior edge of the vein and lifting anteriorly, using electrocautery to divide adhesions. The left internal mammary is typically identiﬁed as
it approaches the origin of the main pulmonary artery on the left. A Doppler ﬂow probe is useful for identiﬁcation of the artery before direct
visualization. It has a characteristic increased ﬂow velocity during diastole.
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Bulldog clamp on LIMA graft
Figure 7 The left internal mammary is dissected free for a short distance, enough to place a clamp once the aortic cross-clamp is applied to
prevent warm, oxygenated blood from continuing to perfuse the arrested heart. A bulldog clamp or Weldon clamp can be used as a low-
proﬁle atraumatic clamp for this important bypass graft.
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Graft anastomosis
in side of right
innominate artery
Innominate vein
Aorta
Figure 8 In cases where innominate cannulation is preferred, the innominate artery is identiﬁed as it passes toward the right, above the
innominate vein. The sternal head of the sternocleidomastoid is divided as well as the underlying strap muscles to expose the innominate
artery. A Weitlaner retractor aids in the exposure of this artery. The innominate artery is freed for a sufﬁcient length so that a partially
occluding vascular clamp can be applied. An 8-mm Dacron graft is sewn to the artery in end-to-side fashion and a 24-F arterial perfusion
cannula is secured inside the graft for cardiopulmonary bypass. We prefer a graft as it places less torque on the innominate artery and is easier
to keep out of the way during the operation than a rigid cannula.
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Antegrade cardioplegia in
planned line of aortotomy
Retrograde cardioplegia
Figure 9 Cannulation for cardiopulmonary bypass is completed with a standard 2-stage venous cannula placed into the right atrium or right
atrial appendage. We routinely use retrograde cardioplegia for aortic valve replacements. A 14-gauge intravenous catheter can be used for
antegrade cardioplegia. It can be placed along the line of the planned aortotomy. This is especially useful in the redo setting when bypass
grafts or prior pledgets or scar make for a crowded ascending aorta.
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Site of antegrade
cardioplegia
Line of oblique
aortotomy
Figure 10 After cross-clamp application, the left internal mammary is clamped, and the heart is arrested with a combination of antegrade and
retrograde cardioplegia. Once the antegrade dose is given, the catheter is removed and an oblique aortotomy is made, incorporating the
puncture site. The prior bypass grafts can be on either side of the aortotomy. We prefer a relatively high aortotomy, corresponding roughly to
the aortic fat stripe, and extend this in an oblique fashion down toward the middle of the noncoronary cusp.
Re-operative aortic valve replacement 493
Ostium of CABG
Ostium of left coronary artery
Removal of failing replacement aortic valve
Figure 11 Exposure of the old valve is aided by placing 3 silk retraction sutures along the edge of the aortotomy. To remove the valve, the
pannus must ﬁrst be cleared from the sewing ring. This can be achieved with a Freer elevator or bluntly with a closed Debakey forceps. The
knot of the prior valve sutures is grasped by the assistant using a tonsil clamp, and a 15 blade scalpel is used to cut the suture. A signiﬁcant
amount of tension can typically be applied to these sutures such that only a light brushing of the blade against the suture is necessary to cut.
The valve sewing ring itself can be grasped with the clamp once enough of the knots have been cut to aid in exposure of the remaining
stitches. In the case of a previous mechanical valve replacement, direct grasping of the metallic ring or valve leaﬂets is avoided, as they are
brittle and can easily crack and serve as potential emboli if not entirely cleared. CABG ¼ coronary artery bypass grafting.
A.M. Lee and M.R. Moon494
Ostium of left
coronary artery
1st suture in left/non commissure
Figure 12 After the old valve is removed, the new valve is sized, and the new valve stitches are placed. We prefer to place these from aorta to
ventricle to place the new valve in an intra-annular position, starting at the left-non commissure and working counter clockwise, starting with
the noncoronary commissure ﬁrst. This allows for excellent exposure of the valve annulus.
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Tying knots in sewing
ring with knot pusher
Figure 13 The valve stitches are placed through the sewing ring of the new prosthetic valve, and the valve is seated in place. The valve stitches
are then tied, taking care to seat the sewing ring of the valve ﬂush with the aortic annulus to avoid paravalvular leaks. Recently, autosuture
devices have been developed to aid in the conduct of minimally invasive surgery. We have found these devices to be useful in open cases as
well, as they are lower proﬁle than a surgeon’s ﬁnger and can aid in the implantation of a bigger prosthetic valve. They allow for easier
visualization of the valve sewing ring as the sutures are secured.
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Double layer closure of aortotomy
Figure 14 The aortotomy is closed with a running monoﬁlament suture in 2 layers. The heart is allowed to ﬁll before this suture is tied, and it is
manually compressed to expel as much air as possible from the ventricular cavity. An aortic root vent can be placed just before the cross-
clamp is removed. The patient is weaned off cardiopulmonary bypass.
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Closure of sternotomy &
adjacent layers of fascia
Figure 15 The sternum is closed with steel cerclage wires. The fascia overlying the strap muscles of the right neck are reapproximated, and the
soft tissue over the sternum is closed in layers.
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Re-operative aortic valve replacement 499Finally, myocardial protection in the setting of previous
bypass grafts warrants careful planning. We routinely
employ intermittent antegrade, then retrograde cardioplegia
for myocardial protection and monitor myocardial temper-
ature with a probe placed in the ventricular septum. Topical
cooling of the heart is accomplished with cold saline and a
cooling jacket. Every effort is made to dissect and control the
LIMA graft, if present. If this is not possible owing to
adhesions, systemic cooling with frequent retrograde cold
cardioplegia is employed.Closing
The results of redo AVR have been studied by many authors.
In older series, the mortality was relatively high, reaching as
high as 10%-15%.1-4 In more modern series, this mortality
has dropped to more reasonable levels and has been
reported to be between 3% and 6%.5-8 At some centers,
mortality at second operation approaches that of primary
operation.9,10 The likely causes for this decrease in mortality
are improvements in preoperative imaging, better myocar-
dial protection, and improved perioperative management of
this complex patient group.
High-resolution imaging has helped reduce the danger of re-
entry. The utility of preoperative CT scan has been demonstrated
in multiple studies and should be considered the standard of
care.11,12 As part of a protocol for reoperative sternotomy, CT
scans have been shown to reduce operative mortality.13
Clearer understanding of myocardial protection has also
aided in the safe conduct of redo operations. Minimal
manipulation is important when handling atherosclerotic
vein grafts to avoid potential embolic damage to myocardial
territories.14 Also, the use of retrograde cardioplegia was
associated with increased survival after redo surgery in a
retrospective series.15 Regarding patent LIMA grafts, strat-
egies for myocardial protection are varied and can be similar
to the technique described in this report wherein a patent
LIMA is identiﬁed and controlled. Occasionally, dissection
and control is not technically feasible. In those cases,
systemic hypothermia with meticulous maintenance of
cardiac arrest has been shown to be a viable alternative to
LIMA dissection and control.16
Finally, advances in perioperative management in the last
few decades have reduced mortality in increasingly complex
cardiac operations and reoperations; however, discussion of
these advances is outside the scope of this article.
Any discussion of redo AVR in the current era requires
consideration of transcatheter AVR (TAVR). With the advent of
TAVR, many patients will move from redo open surgery to the
less invasive transcatheter approach, especially those with high
operative risk. The 5-year results of the Placement of AoRtic
TraNscathetER Valves (PARTNER) trial demonstrated equiv-
alent outcome in high-risk patients.17 As technology improves,
the outcomes for TAVR will improve, and the indications for
TAVR will unquestionably move to lower risk groups; however,
TAVR is unlikely to entirely replace open surgery. There will
remain patients with anatomical constraints or mechanicalprosthetic valves precluding TAVR. Furthermore, in a
subgroup analysis speciﬁcally examining patients with prior
coronary artery bypass grafting, mortality was equivalent at 30
days, but after 2 years of follow-up, TAVR patients had higher
rates of repeat hospitalization and a trend toward higher
mortality.18 As experience with TAVR accumulates, it is likely
that a subpopulation of patients will be identiﬁed who beneﬁt
most from open surgery. Thus, it is important to have a
systematic, safe approach to redo surgery in these patients.References
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